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Abstract 
Conventional livestock farming provides consumers with cheap and reliable sources of milk and meat.  
Yet the inevitable by-product, i.e. livestock faecal matter, represents a potential source of pathogenic 
microorganisms.  This paper applies the Faecal Indicator Organisms Costing Assessment Tool (FIO-
CAT), which was designed as part of the RELU project ‘sustainable and holistic food chains for 
recycling livestock waste to land’, to examine the costs associated with mitigation methods that may 
inhibit  pathogenic  transfers  to  water.    FIO-CAT  is  comprised  of  three  interrelated  models:  the 
economic dairy management (EDM) model, the farm business survey (FBS) model and the manure, 
infrastructure and environment (MIE) model. Specifically, it models dairy, and cattle and sheep farms 
in  the  River  Taw  catchment  in  South  West  England  and  determines  the  economic  impact  that 
mitigation  methods  have  on  farm  businesses.    However,  the  inherent  complexity  associated  with 
heterogeneous landscapes confounds the likelihood that a single management strategy will provide 
complete protection of receiving waters from microbial contamination.    
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1. Introduction 
Conventional livestock farming provides consumers with affordable and reliable sources of milk and 
meat.    Yet  an  inevitable  by-product  -  livestock  faecal  matter  -  represents  a  potential  source  of 
pathogenic  micro-organisms.    Typically,  research  investigating  risks  associated  with  exposure  to 
pathogens have focused on the farm to fork (Havelaar et al., 2007; Duffy et al., 2008) part of the food 
chain, with only recent emphasis on the farm to field issue (Cuttle et al. 2007; Oliver et al. 2007, 
2009; Chadwick et al. 2008a 2008b; Goss and Richards 2008). Farm-to-field-to-watercourse pathways 
in  the  landscape  (e.g.  overland  flow,  drain  flow,  matrix  flow)  allow  for  the  potential  export  of 
microbial contaminants from diffuse sources when bacteria, protozoa, and viruses are mobilized from 
locations within or on soil. Additionally, livestock may excrete microbial contaminants directly into 
watercourses. Common agricultural practices combined with environmental drivers (e.g. rainfall) have 
the potential to contaminate surface waters with enteric micro-organisms, a proportion of which may 
be pathogenic to humans (Oliver et al., 2005).  
  To identify where mitigation strategies would be most effective, Monaghan et al. (2008) have 
recognised  that  economics  must  be  an  integral  component  of  modelling  frameworks  tasked  with 
optimising the adoption of mitigation options at the farm scale.  Brouwer and de Blois (2008) on the  
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other hand, have attempted to account for uncertainty in the costs and effectiveness of measures to 
limit  microbial  pollution  of  watercourses  using  a  model  based  on  statistical  analysis  and  expert 
judgement.  Alternative strategies used for other agricultural pollutants, such as phosphorous, are 
exemplified  by  ‘cost  curve’  approaches  (e.g.  Haygarth  et  al.,  2009)  whereby  an  analysis  of  the 
potential  effectiveness  of  mitigation  measures  and  potential  cost  to  the  farming  industry  are 
undertaken.  This paper develops a faecal indicator organism cost assessment tool (FIO-CAT), which 
is an empirically based model set in a whole farm context, to examine the costs associated with 
mitigation methods that may inhibit microbial transfers from land to watercourses.
1 
2. Background 
RELU project, Sustainable and Holistic Food Chains for Recycling Livestock Waste to Land (RES-
224-25-0086), set out to determine if current livestock and manure management practices, attitudes to 
microbial pollution and decision making represented a risk of FIO transfers to watercourses from 
farms, to recommend changes which would reduce potential risks, and to estimate the costs and wider 
benefits of mitigation efforts. From this project emerged two complementary tools: a risk assessment 
tool (FIO-RAT) and a cost assessment tool (FIO-CAT). The risk assessment tool is detailed elsewhere 
(see Oliver et al., 2009; Chadwick et al. 2008a, 2008b).  Instead, this paper focuses on the cost tool 
that was developed to understand the economic impact on farmers of applying mitigation methods 
designed to reduce microbial watercourse impairment.  Understanding these economic constraints 
would enable those involved in land management to prioritise on-farm mitigation efforts in the most 
cost-effective manner.   
Map 1: Illustrating the position of the River Taw catchment in SW England. 
The study area centred on the River Taw catchment in 
SW England (see Map 1), which is livestock dominated 
and  has  beaches  at  the  outflow  that  have  failed 
mandatory bacteriological standards due to high faecal 
coliform counts.  To understand farming practices in this 
area,  77  farmers  were  interviewed,  representing  both 
dairy  and  mixed  livestock  farms.    Respondents  were 
asked about farm attributes and livestock management; 
attitudes and approaches to manure applications, diffuse 
pollution,  and  the  social  and  economic  relations  of 
enterprises; to build a picture of the potential risks of 
FIO transfers from land to water.  Indeed, the survey provided a rich empirical picture of management 
practices to inform the framework for both the risk assessment and the cost assessments of the RELU 
project.   
3. Methods and Materials 
The empirical basis of FIO-CAT is derived from a number of sources.  It builds upon Defra project 
IS0214  New  integrated  dairy  production  systems:  specification,  practical  feasibility  and  ways  of 
implementation, in which an economic model assessed production and cost relations of dairy farm 
management  (Prado  and  Scholefield  2008,  Butler  and  Turner  2007).    This  provides  a  robust 
foundation for the dairy element of FIO-CAT.  Using similar methodology, Farm Business Survey 
(FBS) data from the South West Region is used to model the management of grazing livestock farms.  
The results of the farmer interviews in the River Taw catchment area sets the backdrop of livestock, 
environmental features and organic waste management practices of farmers and these are linked to 
mitigation costs derived from Nix (2007) or utilized from Defra projects ES0213 COST-DP: cost 
effective diffuse pollution management.  The integration of these are illustrated in Figure 2, enabling a 
single tool to simulate both financial and physical attributes of farms in the River Taw catchment area.  
 
 
                                                 
1 FIOs are a group of organisms that indicates the presence of faecal contamination (e.g. the bacterial groups thermotolerant coliforms or E. 
coli.). It should be noted that this only infers that pathogens may be present (Ashbolt et al. 2001)  
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3.1 The EDM model 
Empirically, EDM is based on economic data of milk production that was originally collected by 
Universities  and  Colleges  under  the  aegis  of  Defra’s  Commissioned  Work  Programme  and  was 
collated by the University of Manchester in 2003/04.
2  At the core of the EDM model is a series of 
regression equations that form the relationships between milk production, input requirements and cost 
functions that provides the parameters to replicate the underlying structures of UK dairy farms.  In 
total,  data  from  348  farms  from  across  England  and  Wales  were  used  to  define  the  underlying 
production and cost relationships.   
  Briefly,  Box  1  identifies  the  production  structure  and  identifies  key  variables in  terms  of  the 
model’s specifications.  It is assumed that milk production is maximized and this is dependent on the 
number of lactating cows and the feed they consume, reasoning that cows graze some form of herbage 
to enable rudimentary milk production as well as the additional feeding of concentrates.  The number 
of cows kept on a farm is in turn dependent on the allocation of grassland (and for that matter the 
production of grass).  Turning to the cost of milk production, log transformations capture the shape of 
cost curves for those that are directly attributed to dairying and those that are more general in nature.  
While the cost functions create a structural base, the other important assumption made concerns the 
cost of herd replacement, as shown by the final equation in Box 1. 
Box 1: Model specifications and variables for the EDM model 
Total milk production 
( ) 2 2 4 4 3 3 2 2 1 1 0 1 0 m m c c c c c c c c c m m m X X X X X Y β β β β β β β β + + + + + − + − =  
Number dairy cows 
ε β β β β β + + + + + − = 4 4 3 3 2 2 1 1 0 c c c c c c c c c m X X X X X  
Costs of total milk production 
) , , ( 3 2 1 f f f m C C C f Y =   
General overhead cost 
) , , ( 3 2 1 g g g g C C C f C =  
 
Variables 
Ym = total litres of milk produced annually  
Xm1 = number of dairy cows  
Xm2 = tonnes of concentrate fed per cow over the same 
period   
Xc1 = total grassland allocated to dairy herd  
Xc2 = total area of maize allocated to dairy herd  
Xc3 = stocking rate  
Xc4 =the available nitrogen kg ha
-1 from artificially applied 
fertilizer 
Cf1 = contribution of labour to fixed costs  
Cf2 = contribution of machinery to fixed costs 
Cf3 = contribution of other factors to fixed costs   
Cg is total general overhead costs  
Cg1 = contribution of labour to general overhead costs  
Cg2  =  contribution  of  machinery  to  general  overhead 
costs  
Cg3 = contribution of other factors to general overhead 
costs 
                                                 
2 See Colman et al. (2004).  The data provided by the University of Manchester has been recalibration to reflect 2007 prices and costs.   
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3.2 The FBS model 
The management of cattle and sheep farms in FIO-CAT is based on a linear regression equation 
derived from FBS data collected in the South West region.  However, unlike the data for the EDM 
model, this data offered less detail in terms of both production and cost co-efficients.  Therefore, the 
specification of the regression equation uses proxies for nitrogen and feed in determining the number 
of grazing livestock, whereas costs are not modelled.  Furthermore, it is necessary to model the 
relationship  between  livestock  units,  land  use,  fertilizer  use,  and  feed  as  it  captures  mitigation 
methods  that  have  secondary  impacts.    In  addition,  some  FBS  farms  include  no  beef  and  sheep 
animals. Therefore, in the modelled data, it is assumed that both cattle and sheep enterprises occur on 
such farms.  Box 2 displays the more limited model specification of the FBS model. 
Box 2: Model specifications and variables for the FBS Model 




Yl = is the total number grazing livestock units  
Xl1 = is the total grassland allocated to livestock  
Xl2   = the total value of feed  
Xc3 = the value of fertilizer    
3.3 The MIE model 
The manure management, infrastructure and environment element of the FIO-CAT integrates how 
decisions  to  mitigate  against  microbial  transfers  may  change  the  number  of  livestock  and 
consequently, the manure they produce.  The main feature of the MIE element is the calculation of 
manure and slurry produced by typical livestock farms, based on Defra’s guide Manure planning in 
NVZs – England (Defra 2002).  Furthermore, it is necessary to consider annual rainfall that expands 
the quantity of slurry in uncovered stores or on yards that drain into stores.  Modelling Met Office 
monthly rainfall data from 1971-2000 mapped averages for the River Taw catchment area determines 
a more accurate estimation of slurry dilution, particular in the winter months when rainfall is at its 
greatest and slurry is perhaps stored for longer periods.  These calculations are contextualised using 
data from the farm questionnaires completed in this study.  Infrastructure of farms in the River Taw 
catchment area establishes the methods that farmers use to manage livestock faecal material. 
3.4 Mitigations 
Oliver et al. (2009) and Chadwick (2008a,b) divide risk factors into four criteria.  The first – E. coli 
burden to land – was designed to incorporate FIO risks that arise from the application and deposition 
of manures and faeces during farming activities. The second and third criteria – landscape transfer 
potential  and  characteristics  of  infrastructure  –  encompass  risks  arising  from  the  physical 
characteristics and arrangement of the farmed landscape. ‘transfer potential’ relates to the role of 
natural features (such as slope and soil type) on fostering or preventing FIO movement, whereas 
‘infrastructure’ relates to the role of technical and historical features (such as the extent of farmyard 
drainage systems; or fenced-off watercourses). Infrastructure also accounts for point source inputs of 
FIOs to agricultural environments associated with animal manure storage and hard standings and 
buildings used by livestock (Kay et al., 2008).  Mitigation options to limit the transfer of FIOs and 
potential pathogens into local watercourses accord to those used in the risk assessment tool (see Box 3 
which illustrates a selection of mitigation options – see Chadwick et al. 2008, Oliver et al 2007, 2009 
for a more detailed list).   
Box 3: Three criteria of mitigation options 
Burden 
Batch storage facilities for slurry 
FYM stored on drained concrete 
FYM turned regularly 
Batch storage of FYM for  months 
Composting of FYM 
Switch from slurry to FYM system 
Reduced stocking rate 
Infrastructure 
Fit slurry store covers 
Site FYM storage appropriately 
Use FYM store covers 
Gateway re-location  
Prevent livestock fording of streams  
 
Delivery  
Establish riparian buffer strips 
Construct ponds in appropriate areas 
Create an artificial wetland  
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4. Results  
The characteristics of the modelled dairy farm comprised of 95 dairy cows producing 629,309 litres of 
milk from 52 hectares of forage, the cost of production exceeds farm income (excluding any subsidies 
and  environmental  payments)  by  £14,069  (-£270ha
-1)  and  therefore,  in  terms  of  economic 
performance alone, the typical dairy farm is unprofitable; livestock manures amount to 884m
3 of 
slurry and 135t of FYM.  Whilst some methods such as batch storage of slurry for three months or 
storing FYM on drained concrete are likely to have capital costs, others such as reducing stocking do 
not.  An example from each mitigation category – burden, infrastructure and delivery – is explored 
(see Table 1).   
Each one of these mitigation methods being considered involve some form of financial investment, 
the least being the riparian strip at £7,047 (£14 ha
-1) while changing to a FYM based housing system 
is the greatest cost at nearly, £60,000 (£113 ha
-1).  Although FIO-CAT accounts for a new build, it 
may be possible on some farms to convert an existing building, thus reducing the cost of conversion.  
It is clear that the choice of a farmer to mitigate has economic consequences.  To do nothing is 
favourable,  since  none  of  these  mitigation  methods  improves  farm  profitability.    Indeed,  the 
conversion to a straw-based FYM housing system increases the losses of the dairy farm by 55%.  
Most of this loss is from the additional yearly loan repayment costs although a 4% appreciation of 
variable cost arises from extra straw need for bedding.   
Table 1: Cost of FIO mitigation on the modelled dairy farm in the Taw Catchment 
Mitigation Option  Total mitigation 
capital costs (£) 





Income from agriculture  £92,945   £1,781     
Variable Costs  £50,037   £959     
Fixed Costs  £56,977   £1,092     
Profit  -£14,069  -£270     
Slurry/FYM      886  135 
Selected Mitigations  Capital costs  Change in profit     
Switch from slurry to FYM housing system  £58,686  -55%  508  492 
Construct bridge  £10,277  -7%  886  135 
Riparian buffer strips 10m  £6,911  -20%  833  127 
The  mitigation  cost  for  creating  a  bridge  to  prevent  livestock  from  defecating  directly  into 
watercourse  and  the  construction  of  10m  riparian  strip  that  reduces  the  flow  of  FIOs  are  more 
moderate at £20ha
-1 and £14ha
-1 respectively.  Constructing a riparian strip assumes that lost forage is 
not compensated by additional feed resulting in forage for fewer cows.  Furthermore, there is a 4% 
increase in fixed and overhead cost reflecting that production from less area is need meet these costs.  
In terms of annual slurry production, while the construction of a riparian strip has an insignificant 
effect, changing to a FYM based housing system reduces slurry production by 43% from 886m
3 to 
508m
3.  Conversely, FYM production increases by 259% from 135t to 492t.  It is assumed that slurry 
and FYM handling costs are the same, although it likely that some difference between them will 
occur.   
The  modelled  cattle and sheep farm  has  214  ewes and  25 beef  cattle  utilizing  an  area  of 81 
hectares.  Similar to dairy farms, cattle and sheep farms are making a loss on their farm enterprises of 
£6,350 (that is -£78 ha
-1) and again three choices for each farm type are illustrated (one from the 
burden, infrastructure and delivery categories) while all impacts on farm costs and FYM are given in 
Table 2.  The first of these is composting which is assumed to be costed via variable costs thus it is 
likely to reduce annual profit by 16.4%.  While some variable costs are saved because of reduced 
input requirements, some kind of restructuring of the farm business will be need to reduce fixed costs, 
as these will still have to be met.  The second mitigation option from the infrastructure category is the 
relocation of gateways that are presently at the bottom of field slopes and close to points of drainage, 
which would reduce likely runoff pathways.  This has a small capital cost of £460 and only affects 
profitability (loss) by the smallest of margins.  Finally, creating a six-metre grass buffer strip around 
watercourses that are thought to reduce the surface flow of water (Oliver et al., 2007) has a greater 
capital cost of £6,026 and increases farm losses by a 9.6%.  This delivery mitigation method also 
marginally reduces the burden of FYM from 554t to 541t resulting from the reduced land area.   
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Table 2: Cost of FIO mitigation on the modelled cattle and sheep farm in the Taw Catchment 
  Farm Finances  Farm Finances ha
-1  FYM (t) 
Income from agriculture  £36,807  £454   
Variable Costs  £19,296  £238   
Fixed Costs  £23,861  £294   
Profit  -£6,350  -£78   
FYM      554 
Selected Mitigations  Capital costs  Change in profit   
Compost manure  £0  -16.4%  554 
Relocate gateways  £460  -0.7%  554 
Six metre grass buffer strip  £6,062  -9.6%  541 
5. Discussion 
The  need  for  mitigation  methods  to  prevent  FIO  transfers  from  farm  to  field  to  watercourse  is 
becoming  more  urgent  with  the  introduction  of  the  EU  Water  Framework  Directive  (WFD) 
2000/60/EC which requires both point and diffuse pollution to be considered in concert to control 
effectively water quality where it is used for eco-system maintenance, water supply, recreation or 
fisheries  (Stapleton  et  al.,  2006).    As  part  of  the  WFD,  the  Bathing  Water  Directive  (BWD) 
2006/7/EC establishes a number of mandatory microbiological and chemical standards which bathing 
waters must comply (Hooda, 2008).  While apportionment is difficult, part of this pollution is from 
agricultural sources.  Therefore creating models, such as the one demonstrated in this paper, will start 
to address, in terms of cost, what methods can be implemented but more importantly for the farm 
economy, what investment will be needed to reduce the potential transfer of FIOs and pathogenic 
microorganisms from land to water.   
By modelling farming systems and costing mitigation methods that are designed to reduce the 
number and transfer of microorganisms from farms to watercourses, this paper illustrates that this is 
far from costless.  While the costed methods are not exhaustive, they nevertheless illustrate the range 
available to a farmer in terms targeting either the burden of E. coli, farm infrastructural features or the 
delivery of faecal microbes to receiving waters.  Furthermore, there is great variability in capital costs 
with some costing tens of thousands, while others have no capital cost but instead involve increases in 
variable costs.  It is clear that all mitigation methods reduce farm profit, or indeed increase farm 
losses.  However, missing from the analysis is whether farms claim any form of agri-environmental 
monies, such as the entry level scheme (ELS) and higher level schemes (HLS) in England, which Taw 
catchment farmers would be eligible for.  Data from the farm business survey indicates that lowland 
cattle and sheep farms receive £50ha
-1 in agri-environmental payments in 2007; upland cattle and 
sheep  farms  £106ha
-1;  and  dairy  farms  £28ha
-1  (Farm  Business  Survey  2008).    These  additional 
incomes reduce the loss making activity of farm businesses (and even accrue a profit for upland 
farms).  It might be tempting to speculate that some of the mitigation methods, such as establishing a 
wetland  or  riparian  strip,  might  enable  farmers  to  claim  more  agri-environmental  payments.  
However, it is likely that only farmers who are already claiming ELS payments and plan to implement 
a range of mitigations as well as other environmentally beneficial features will benefit from high 
payments.   
While FIO-CAT is informative in terms of mitigation costs, modelling scenarios for both dairy and 
cattle and sheep farms are stylistic.  They are derived from mean values of many farms and as such do 
not represent any particular farm.  Nevertheless, the results of this exercise demonstrate that non-
pecuniary benefits may be required if investment is to occur to limit the flow of FIOs from on-farm 
sources.  By widening the horizon of vision away from FIOs, decisions to invest capital in mitigations 
measures is likely to produce synergistic benefits for wider environmental protection agendas relating 
to Nitrate Vulnerable Zones (NVZs) and adaptation to climate change.  
FIO-CAT provides a versatile tool that models livestock farming systems and the costs that are 
associated with reducing microbial transfer.  Furthermore, FIO-CAT should be seen as a starting point 
to  understand  the  costs  of  mitigation.  Refinements  of  the  tool  to  understand  more  fully  how  all 
methods integrate and impact on farming systems both economically but also in terms of livestock 
management is necessary.  One refinement of FIO-CAT should be to include cattle only and sheep 
only grazing farms as this will improve its flexibility.  The ultimate refinement however, should be to  
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link the cost and risk tools so that farmers are provided with information about the risks that their 
farms may pose and the likely costs of mitigating against such risks.   
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